


B 



Output 

Leukocyte recruitment 
Leukocyte activation 
Surface receptors 
Inflammatory cytokines 
Intracellular signaling (negative) 
Intracellular signaling (positive) 
Transcription factors 
Remodeling of extracellular matrix 
Vascular effects 
PRRs 

Celi adhesion 

Synthesis of inflammatory mediators 



Genes 

Cc/2, Cc/5, Ccì20, Cxcll, Cxcl2, Cxcl3, Cxcl5, CxcHO, Cx3cl1 

Csf1, Csf2 

Fas, H18r1, Jag1 

H1b, 116, 1115, Lif, Tnf 

Bcl3, Nfkbia, Socs3, Tnfaip3, Trafl 

Ifi47 

Fos, Jun, JunB 
Mmp3, Mmp9, Mmp14 
Edn1, Vegfc 
Nod2 

Icaml, Se/e, V f carni 
Ptgs2 



Figure 5. Signaling by TNF-R1. (A) Binding of TNF to TNF-R1 causes the cytoplasmic death domain (DD) in 
TNF-R1 to bind the DD-containing proteins TRADD and RIP1. TRADD also binds TRAF2, which serves as an 
adaptor for the ubiquitin ligases cIAPl and cIAP2. Ubiquitylation of RIP1, and potentially other components of 
the complex, recruits IKK7 and TAK1 for NF-kB and MAPK activation. Recruitment of LUBAC for linear ubiqui- 
tylation of IKK7 may stabilize the signaling complex. Translocation of TRADD, TRAF2, and RIP1 to the cytoplasm 
nucleates a second complex that contains the adaptor protein FADD and caspase-8. If c-FLIP levels are low, activa- 
tion of caspase-8 and its substrates caspase-3 and caspase-7 causes apoptotic celi death. Inhibition of protein syn- 
thesis and caspases, as might occur in a virus-infected celi, promotes necroptotic celi death that is dependent on the 
kinase activities of RIP1 and RIP3. (B) Functional outputs of some of the genes upregulated by TNF signaling. 
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FIG. 27.6. Apoptosis and Survival Signaling. A: Ligation of tumor necrosis 
factor (TNF) receptor 1, Fas, or TNF-related apoptosis inducing ligand 1 and 
2 activates apoptosis pathways. The nascent death-inducing signaling com- 
plex can directly cleave the executioner caspases 3, 6, and 7. Caspase 8 
also cleaves BID to tBID, activating the mitochondrial regulated apoptotic 
pathway, dramatically accelerating cellular death. A number of virai proteins 
interfere with apoptosis induced through TNF pathway including human pap- 
illoma virus, hepatitis C virus, herpesvirus vFLIP, and virus orthologs of BCL2 
and vMIA act on the mitochrondria. Adapted with permission. 111 B: The com- 
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Fig. 3. Tumour necrosis receptor 
factor receptor (TNFR)l and Fas 
signal apoptosis. FADD, Fas-associ- 
ated death domain; ICE, interleukin 
1 P-converting enzyme; NF-kB. nu- 
clear factor kappa B; TRADD, TNF 
receptor-assoeiated death domain; 
TRAF, TNF receptor-assoeiated 
factor. (Reproduced with permission 
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Box 2 | Intracellular tumour necrosis factor signalling 



Tumour necrosis factor (TNF) receptor (TNFR) 
activation leads to recruitment of intracellular 
adaptor proteins that activate multiple signal 
transduction pathways 11 ' 35 153 . TN FRI activation 
can have two different end results that are 
dependent on the cellular context. The default 
pathway is induction of genes involved in 
inflammation and celi survival. Ligand binding 
to TNFRl induces a range of inflammatory 
mediators and growth facto rs through 
activation of the API transcription factors or 
IkB kinases (IKKs) that, in turn, activate nuclear 
factor-KB (NF-kB). NF-kB activation also 
importantly induces negative regulators of 
apoptosis such as FLIPL (also known as CFLAR), 
BCL-2 and superoxide dismutase. If NF-kB 
activation is inadequate, apoptosis is mediated 
through caspase 8 and, through accumulation 
of intracellular reactive oxygen, sustained Jun 
amino-terminal kinase (JNK) activation and 
mitochondrial pathways. Apoptosis is a late 
response to TNF, unlike the rapid apoptosis that 
is induced by other members of the TNF 
superfamily such as FAS ligand (FASL) and 

TRAIL (also known as TNFRSF10C) (see Supplementary information Si (box)). The signalling 
pathways downstream of TNFR activation are shown in the figure. FADD, FAS-associated via 
death domain; MKK, MAPK kinase; RIP, receptor (TNFRSF)-interacting protein; TRADD, 
TNFR-associated via death domain; TRAF2, TNF receptor-associated factor 2. Figure is modified, 
with permission, from Nature Reviews Immunology REF. 1 54 © (2003) Macmillan Publishers Ltd. 





FIG. 27.4. Regulation of Tumor Necrosis Factor (TNF) Bioavailability. The expression of TNF is 
regulated atthe transcriptional and translational levels, and bioavailability by altering its physi- 
cal location and cellular receptors. TNF transcription is regulated by the action of multiple 
transcription factors including nuclear factors of activated T cells (NFAT), activated protein-1 
(AP1 ), and NF-kB. NFAT is a predominant acting transcription factor regulating TNF transcrip- 
tion in T- and B-lymphocytes, and NF-kB and AP1 are important in myeloid lineage cells fol- 
lowing activation via innate pattern recognition receptors, such as the toll-like receptors. TNF 
messenger ribonucleic acid (mRNA) stability is controlied by an adenylate-uridylate-rich ele- 
ment (ARE) in the 3' untranslated region present in many transiently expressed inflammatory 
genes. 337 Stability of TNF mRNA is decreased by the action of tristetraprolin, and T-cell in- 
tracellular antigen silences translation of TNF mRNA through the ARE. 338 TACE proteolytically 
controis TNF at the membrane, generating the soluble form of TNF. TACE also cleaves TNFR1 
and 2, m downregulating celi surface receptors and releasing soluble receptors that retain TNF 
binding activity. Soluble TNFR can stabilize the TNF trimer at sub saturating concentrations, 
and at higher, saturating concentrations act as decoys competing for TNF binding to cellular 
receptors. 340 
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Fig. 1. Severa! humoral factors inhibit the synthesis and release of 
tumour necrosis factor (TNF)-ot through negative feedback mecha- 
nisms. IL-10, interleukin-10. 
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Figure 1 1 The biologie actions of TNFthat are known to be relevant in the 
pathogenesis of RA. TNF induces the production and release of proinflammatory 
cytokines, such as IL-1, IL-6 and GM-CSF. TNFalso induces the production and 
release of chemokines, such as CCL5 (also known as RANTES), CCL2 (also known as 
MCP1) and IL-8, which mediate leukocyte chemoattraction. Chemotaxis of leukocytes 
to areas of inflammation is also mediated by TNF-mediated upregulation of adhesion- 
molecule expression and increased angìogenesis. TNF induces an increase in the 
levels of soluble TNF receptors and a decrease in the levels of surface receptors. An 
Increase in the expression of MHC class I and II molecules further contributes to 
inflammation. TNF contributes to tissue damage through bone resorption and 
cartilage destruction by inducing production of metalloproteinases and 
orostaglandin E,. Abbreviations: CCL. chemokine lifiand: GM-CSF. granulocvte- 
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FIG. 27.8. Tumor Necrosis Factor (TNF) Inhibitors. The diagram depicts the 
structural features of the antibody- and receptor-based drugs targeted 
at TNF that are approved for use in patients with autoimmune diseases. 
Monoclonal antibody specific for human TNF derived from mice and partially 
humanized (infliximab), a fully human antibody (adalimumab) containing both 
heavy and light immunoglobulin chains, and an antibody-binding fragment 
(Fab) of a human anti-TNF antibody (certolizumab). Certolizumab is mon- 
ovalent and derivatized with polyethyleneglycol to extend half-lif e in vivo. 
TNF decoy receptor (etanercept) created as a genetic fusion protein of the 
ectodomain of TNF receptor 2 with the Fc region of human immunoglobulin 
G1 forms a disulfide-linked dimer. Both immunoglobulin and receptor-based 
inhibitors are approved for use in treating autoimmune diseases: rheumatoid 
arthritis, psoriasis, and inflammatory bowel diseases. 



Table 1 1 Infiamma tory diseases that are potentially treatable wìth anti-inflammatories 



Disease 


Prevalence 
(per 100,000) 


Single gene 
mutation 


Site of 

inflammation 


Response to 
TNFa inhibrt ion 


Response to 
IL- 1 inhibition 


Therapeutic challenges 


Rheumatoid 
arthritis 


500-1.000 


No 


Synovium. systemic 


+++ 


++ Disease heterogeneity. 

30% non-responders to TNF 
inhibitors 


Crohn's disease 


100-200 


No 


Intestines, systemic 


+++ 




Remitting, relapsing disease 


Vasculitls 


200-300 


No 


Multiple organs, skin. 
musculo-skeletal 


+ 




Wide spectrumof 
manifestations: somelife 
threatening 


SOJIA 


50-1000 
children 


No 


Synovium. skin, 
systemic 


+ 


+++ Severe inflammation invery 
young children 


AOSD 


1-2 


No 


Synovium. skin, 
systemic 


+ 


++t Diff icult to diagnose 


Auto-inflammatory diseases 












TRAPS 


Rare 


Yes 


Synovium. systemic 


+++ 




Episodic 



A spectrum of chronic and recurrent inflammatory disorders and their prevalence isshown. A summary of the currently ava ilable eli ni cai ex perience with inhibitors 
of TNFaand interieukin-1 (IL-1) is indicated r where available, foreach condition. Typicalclinical responsesare indicated at follows: +++ r good toexcellent responses 
in most patients treated; ++, good to excellent response in some patients; +, modest response in most patients treated with occasionai good response. AOSD, adult- 
onset Still's disease: CNS. centrai ne rvous system; COPD r chronic obstructive pulmonary disease; FCAS, familialcold autoinflammatory syndrome: FMF, familial 
Mediterranean feven SOJIA, system ic-onset j uve n ile rheumatoid arthritis; TRAPS. tu mour- necrosi s factor receptor-associated periodic syndrome: NOMID. neonatal 
onset multisystem inflammatory disease; PAPA syndrome, pyogenic arthritis. pyoderma gangrenosum. and acne syndrome. 




Key points 

■ TUmor necrosls factor (TNF) was the first cytoklne to be fully valldated as a 
therapeutlc target for rheumatold arthrltis (RA) 

■ Comblnation therapy with an anti-TNF biologie agent plus methotrexate halts 
progression of Jolnt damage In the majority of patients wlth RA, Irrespectlve of 
the extent of destructlon on basellne radiography 

■ Studles of patients wlth early RA recelving antl-TNF therapy show particularly 
favorable outeomes; high proportlons of patients achieve sustained low 
disease activity or remlsslon 

■ One of the major pitfalls of biologie TNF Inhibitlon is the occurrence of 
Infectlous complicatlons (common or opportunlstlc) 

■ Other shortcomlngs of current anti-TNF biologics include high costs, inadequate 
numbers of treated patients achievlng sustained, high-magnltude responses or 
remlsslon and secondary loss of efflcacy over time 



TABLE 32-2. Strategies for preventing tumor 

necrosis factor toxicity 



Suppression of TNF synthesis 
Transcriptional level (NF-kB) 

Translational level (p38 MAP 
kinase) 



Posttranslational level (TACE) 



Glucocorticoids 
Pentoxifyline 

CSAIDs 

CNI-1493 

Spennine 

Thalidomide 

BB-94 



Neutralization of TNF activity 



Antibodies 

Soluble TNF receptor 
SolubleTNF receptor 
fusion protein 



CSAIDs, cytokine-suppressing antiinflammatory drugs; 
MAP, mitogen-activated protein; NF-kB, nuclear transcription 
factor kB; TNF, tumor necrosis factor. 



TNFR1 


221 


TNFR2 


174 


CD95 


146 


DCR3 




DR3 


193 


DR4 


203 


DR5 


221 


DCR1 




DCR2 


154 


DRO 


286 


EDAR 


236 


NCV R 


156 


OPG 




RANK 


282 


LTpR 


187 


FN14 


28 


HVEM 


58 


CD27 


48 


CD30 


188 


CD40 


62 


^ -1HH 


45 


0X40 


36 


GITR 


42 


BCMA 


106 


TACI 


106 


BAFFR 82 


XFDAR 134 


TROY 


233 


RELT 


243 




oo 



▼ Furin T Melalopro4anase (TACE) T MaWysin O TRAF1 O TRAF2 
CD Cysieno neh domain w: J Death doman Q TRAF5 O TRAF6 



TNF-p 
CD95L 

VEGI 
TRAIL 



? 

EDA-A1 
NGF 



RANKL 
LTa/LTp 
TWEAK 
UGHT 
CD27 
CD30 
C040 
4-1BBL 
OX40L 
OTRL 
APRIL 



BAFF 

EDA-A2 

? 

? 




Table 9.4 Death receptors and their ligands 



Alternative names of receptors 



Fas/APO-1/CD95 
TNFR1 

DR3/APO-3/SWL-1 /TRAMP 

DR4/TRAIL-R1 

DR5/TRAIL-R2/KILLER 



Alternative names of ligands 



FasL/CD95L 

TNF-a 

AP03L 

AP02L/TRAIL 

AP02L/TRAIL 



FAS DR4 DR5 



TNFR1 



DR3 



■ 



procaspase 8 
(procaspase 10) 




ce caspase 8 
I (caspase 1 0) 

caspase cascade 

i 
i 




apoptosis 




Death substrate 

^ 

Apoptosis 



Slmpllfled schema of CD95 receptor-lnduced and DNA 
damage-trlggered pathways of apoptosis and mechanlsms used 
by tumor cellsto evade celi death. (1) Reduced CD95 level. (2)lnac- 
tlvatlon of death-lnduced slgnallng complex by FLICE proteln. (3) 
Reduced egress of cytochrome c from mltochondrlon as a result of 
up-regulatlon of BCL2. (4) Reduced levels of pro-apoptotlc BAX 
resultlng from loss of p53. (5) Loss of APAF-1. (6) Up-regulatlon of 
Inhlbltors of apoptosis. 
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FIG. 27.2. The Tumor Necrosis Factor (TNF) Superfamily-Major Histocompatibility Complex (MHC) Paralogs. Members of the TNF ligand superfamily 
(above) and their corresponding receptors (below) are identified by connecting arrows. The ligands are grouped according to their chromosomal locations 
in the MHC paralogous regions. The number of cysteine-rich domains are depicted for each TNF receptor, and TNF receptors containing a death domain are 
identified by cylinder in the cytoplasmic tail. (Modified from Ware 338 ). 
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Signaling Pathways and NF-kB. Adaptors link tumor necrosis factor receptors (TNFRs) to proteinases and kinases {upper panel). Three 
basic schemes link activated TNFRs to signaling pathways: the death inducing signaling complex formed with Fas is inrtiated by ligand clustering of Fas, 
promoting death domain (DD) interactions, which recruits Fas-associated death domain (FADD) (heterotypic interaction). The death effector domain 
of FADD links to the death effector domain of procaspase 8. The proximity of multiple procaspase 8 domains forms an active enzyme that can process 
other caspase 8 molecules. By contrast, TNFRs bind TNF-associated factor (TRAF) adaptors via short peptide motifs that release TRAF from associated 
kinases, such as NF-KB-inducing kinase (NIK). The third scheme is a combination of DD and TRAF recruitment TNFR1 uses the DD protein TRADD to 
recruit RIP and TRAF2, promoting the activation of NF-kB. There are currently seven TRAF members with distinct interaction patterns with the TNFR 
family. TRAF proteins may function as regulators of key kinases. TRAF2, 3, and 6 function as modulators of several different kinases involved in toll-like 
receptor signaling, induction of type 1 interferon responses, and signaling by some TNFR family members. TRAF proteins contain an N-terminal RING 
fìnger motif, a coiled coil domain jisoleucine zipper), and the receptor association domain (TRAF) domain. The TRAF are trimers formed through their 
TRAF and coiled domains. The TRAF domain can bind to several different TNFR through a relatively short proline-anchored sequence that is responsible 
for binding directty to the mushroom head of various TRAF molecules. 3 * 1 Thezinc RING ofTRAF6 functions together with Ubc13and UevlA as ubiquitin 
E3 ligase targeting proteins for proteosome degradation. TRAF2, 3 and clAP form the ubiquitin E3 ligasethattargets NIK. Modified with permission from 
Ware CF. Tumor necrosis factors. In: Bertino JR, ed. Encyclopedia ofCancer. San Diego, CA: Academic Press, Inc.: 2002;475-489. NF-kB activation. 
TNFR1 and LTpR induce distinct forms of the NF-kB family of transcription factors. TNFR1 signaling is a potent activator of RelA/p50 but does not activate 
the RelB pathway, whereas lymphotoxin |3R can activate botti. The RelA and RelB forms of the kB family control transcription of distinct sets of genes; 
however, the two pathways are interrelated through the control of plOO expression by the RelA/p50 complex. Modified from Dejardin et al. 66 
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FIG. 27.3. The Tumor Necrosis Factor (TNF) 
Superfamily — Part 2. Members of the TNF 
ligand superfamily (above) and their corre- 
sponding receptors (below) are identified by 
connecting arrows. The ligands are grouped 
according to their chromosomal locations. The 
number of cysteine-rich domains are depicted 
for each TNF receptor, and TNF receptors con- 
taining a death domain are identified by cylinder 
in the cytoplasmic tail. (Modified from Ware 336 ). 
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TRENDS in Immunology 



Figura 1 . TNF family molocules implicateti in driving infiamma tory and autoimmune diseasc. The figure dcpicts the TNFSF and TNFRSF molecules that control diseasc in 
experi mental models in the mouse. The figure iscompiled using data reporting either a substantial or a partial block in symptoms in mice defìcient in either the TNF family 
ligand or the TNFR family receptor, and/or in wild type mice treated with ncutralizing antìbodics to the ligand or roceptor. 



table wnm] 


Tumor Necrosis Factor Superfamily Therapeutics 




1 


TNFRSF Member 


Drug 


Therapeutic Designation 


Indication 


Status 


TNF 


Chimeric Ab 


Remicade (infliximab) 


RA, Ps,IBD 


Approved 


TNF LTcc 


TNFR-Fc 


Enbrel (etanercept) 


RA, Ps 


Approved 


TNF 


Hu Fab-PEG 


Cimzia (certolizumab) 


RA, Ps,IBD 


Approved 


TNF 


Hu mAb 


Humaria (adalimumab) 


RA, Ps, IBD 


Approved 


TNF 


Hu mAb 


Simponi (golimumab) 


RA, Ps, IBD 


Approved 


BAFF 


Hu mAb 


Benlysta (belimumab) 


Lupus 


Approved 


CD40L 


chimeric mAb 


ruplizumab 


Lupus 


Stopped 




Hu Fab-PEG 


CDP7657 


Lupus 


In trials 


RANKL 


Hu mAb 


Prolia (denosumab) 


Osteoporosis 


Approved 




Hu mAb 


Xgeva (denosumab) 


Bone metastasis 


Approved 


TRAIL 


Recom cytokine 




Cancer 


In trials 


TRAILR1 


Hu mAb 


mapatumumab 


Cancer 


In trials 


TRAILR2 


Hu mAb 


conatumumab 


Cancer 


In trials 


LTpR 


LTPR-Fc 


baminercept 


Autoimmune diseases 


In trials 


LTa 


Hu mAb 


MLTA3698A 


Autoimmune disease 


In trials 


0X40 


chimeric mAb 


9B12 


Cancer 


In trials 


TWEAK 


chimeric mAb 


BIIB023 


Lupus nephritis 


In trials 



] 



ab-PEG, fragmGnt of antibody polyethyleneglycoylated; IBD, inflammatory bowel diseases; LT, lymphotoxin; Ps, psoriasis; RA, rheumatoid arthritis; TNF, tumor necrosis factor; 
TNFR, tumor necrosis factor receptor; TNFRSF, tumor necrosis factor receptor superfamily. 




TABLE ^^Qp Virai Orthologs and Modulators of the Tumor Necrosis Factor Superfamil 




Virus Name/ORF Ortholog 3 


Mechanism 


Poxvirus 

Myxoma T2 Soluble TNFR2 
Variola crm B (G2R) Soluble TNFR2 
Cowpox vCD30 Soluble CD30 


TNF and LToc decoy 
TNF and LTa decoy 
CD30 ligand inhibitor 


Herpesvirus 

HSV1&2 Glycoprotein D BTLA 

HCMV UL144 HVEM 

EBV LMP1 CD40 intracellular 

yHV vFLIP FLIP 

Adenovirus E3-10.4, 14.5,6.7 ? 


Entry; HVEM blockade 

BTLA activation 

TRAF activation 

Caspase 8 blockade 

Fas and TRAILR downmodulation 


Retrovirus 

EIAV Envelope gp90 ? 
FIV Envelope gp95 ? 
ASLV Envelope gp85 ? 
Rabies virus Envelope RVG ? 


HVEM entry fa ctor 
0x40 entry fa ctor 
TRAILR entry factor 
NTRp75 entry factor 


ASLV, avian sarcosis and leukosis virus; BTLA, B- and T-lymphocyte attenuatori CD, cluster of differentiation; EBV, Epstein-B 




Il UIIUò, MLIvIv, HUIlIdll lylUIIIUydlUvII lìb, Moli, IIUI|JUò 



simplex virus; yHV, equine gamma herpesvirus; EIAV, equine infectious anemia virus; FIV, feline immunodeficiency virus; TNFR, tumor necrosis factor receptor; TRAF, TNFR- 
associated factor; TRAIL, TMF-related apoptosis inducing ligand; ?, no homology recognized. 
a Relationship determined by sequence or structural homology to the indicated TNF superfamily member. 




TABLE ^^j] 



Human Genetic Diseases Associated with 
the Tumor Necrosis Factor Superfamily 



System 



Disease 



Mutation 



TNFR1 



Familial periodic fever 



CD40 Ligand Hyper-lgM syndrome 



EDA 



RANK 
Fas 



X-linked hypohidrotic 
ectodermal 
dysplasia 

Familial expansile 

osteolysis 
Autoimmune 

lymphoproliferative 

syndrome 



Mutation in first 

cysteine-rich domain 
Multiple mutations affecting 

receptor binding and 

processing 
Multiple mutations affecting 

receptor binding, 

trimerization, and 

secretion 
Mutation in the signal 

peptide 
Multiple mutations/deletion 

in Fas 



CD; cluster of differentiation; EDA, ???; Ig; immunoglobulin; TNFR, tumor necrosis 
factor receptor. 
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Table 1. TNF and TNFR proteins directly associated with disease 



TNFR/TNF Disease 
protei n 



TNFR1 



Fas/FasL 



TACI 



TRAPS, tumor 
necrosis factor 



Autoimmune 

lym p hop rol ife rati ve 

syndrome 

(ALPS)1a/ALPS1b 



Common variable 
immunodeficiency 
(CVID) and 
immunoglobulin 
A deficiency 2 
(IGAD2) 



Symptoms and biochemical features 



Unprovoked inflammatory attacks caused by impaired 
control of the innate immune system. 
A lack of autoimmune disease markers such as 
high-titer autoantibodies or antigen specific T cells. 
Recurrent episodes of fever, migratory skin rashes, intense 
abdominal pain and severe myalgia. 

Biochemical markers of a permanent proinflammatory state 
such as high neutrophil count, increased erythrocyte 
sedimentation rate, elevated IL-6 and C-reactive protein 
in the serum. 

The most serious complication is serum protein A 
amyloidosis, which can lead to kidney failure. 
Onset is normally at puberty in response to hormonal 
changes, although rare cases have also been reported 
in patients with a late age of onset. (Reviewed in [27].) 
Lymphadenopathy and splenomegaly at an early age [90]. 
Humoral autoimmunity, defective in vitro lymphocyte 
apoptosis, expansion of T cells and lack of both CD4 
and CD8 T cells. 

Increased numbers of the rare population of doublé 
negative T lymphocytes (CD3**CD4~CD8~) and circulating B 
cells. Autoantibodies are present in more that 90% of patients. 
Autoimmunity - most commonly blood autoimmune 
cytopenia - develops in only 50 70% of patients and is 
potentially life-threatening. 

The most serious complication is an increased susceptibility 

to hematological malignancy. 

CVID onset typically occurs in adulthood [4934]. 

Low serum immunoglobulin concentration and the inability 

to mount an effective specific antibody response. 

Perturbed antigen-dependent B celi differentiation, with 

lower numbers of CD27^ memory B cells. Symptoms can 

be highly heterogeneous between patients and are often 

accompanied by complications such as nonmalignant 

lymphoproliferation and autoimmunity. 



Treatment 



Corticosteroids (prednisolone, [27,48, 

methylprednisolone and 88,89] 

colchicine) [88] 

Inflimixlab (remicade), ant'h 

TNFa antibody Etarnercept 

(enbrel), TNFa inhibitor [88] 

Anakinra, IL-1 receptor 

antagonist [48] 

Tocilizumab, anti-IL-6 

receptor monoclonal antibody 

[89] 



Cort icoste ro id s [9& 93] 

Mycophenolate mofetil 
(MMF, Cellcept) an inhibitor 
of T and B celi proliferation 
Rapamycin (sirolimus), 
a mTOR inhibitor {mouse 
studies [91], trials in 
children [92,93]) 



IgG infusion (MG) to treat [49,94, 
CVID [95] Immunoglobulin 95] 
A deficiency 2 has no specific 
treatment; IgA cannot be 
infused owing to its high 
turnover 



L 
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Table 1. TNF and TNFR proteins directly associated with disease 



DR4/5 


Cancer 


Mutations in genes encoding DR4/5 have been identified in 
head and neck squamous celi carcinoma, lung cancer [96], 
gastric cancers [97], malignant gliomas, bladder, prostate 
and renai cancers. 


Standard chemotherapy 


[96,97] 


RANK 


Familial expansile 
osteorysis (FEO), 
Paget disease of 
bone type 2 (PDB2) 
and osteopetrosis 
autosomal 
recessive type 
7 (OPTB7) 


FEO and PDB2 are bone remodeling disorders with clinical 
similarities, such as bone fracture susceptibility, deafness, 
dentai abnormalities and neurologie complications. 
FEO patients present lesions and deformity in the 
appendicular skeleton, evolving into expanded, fat-filled bones. 
Unlike FEO, PDB2 affeets axial skeleton with lesions and 
pain in pelvis, spine and skull. 
FEO occurs in adulthood; PDB2 and OPTB7 occur in 
childhood. OPTB7 presents the sartie symptoms as OPTB2. 


There is currently no specific 
treatment for these diseases, 
although antiresorptive 
therapy with drugs such as 
aminobisphosphonate 
incadronate, pamidronate 
and bisphosphonate [98] 
have been used to lower 
the bone remodeling rate 
to treat FEO and PDB2 


[98] 


RANKL 


Osteopetrosis 
autosomal recessive 
type 2 (OPTB2) 


Detective desorption of immature bone resulting in 
abnormal dense bone and tendency to fracture. 
Patients present orthodontic problems, mild or moderate 
hepatosplenomegaly, anemia, macrocephaly, progressive 
blindness and deafness. 


Bone marrow transplant [99] 


[99] 


OPG 


Juvenile Paget's 
disease (JPD) 


Patients present hyperphosphatasia, rapidly remodeling 
woven bone, osteopenia, tendency to bone fracture and 
bone deformation. 


Recombinant 
osteoprotegerin [100] 
Bisphosphonate [98] 


[98,100] 


EDAR 


Hypohidrotic 
ectodermal dysplasia 
(HED) 


Patients present defeets in the development of 
ectoderm-derived structures resulting in sparse hair, too 
few teeth (oligodontia), the absence or reduction in the ability 
to sweat as well as problems with mucous and saliva and 
the production and formation of pigment cells [67]. 


Prosthodontic treatment 


[67] 


CD40 ligand 


X-linked 
hyper-lgM type 
1 (HI GMD 


Autoimmune hematologic disorders such as neutropenia, 
hemolytic anemia and thrombocytopenia [101]. Serum 
IgM levels are normal or elevated; there is an absence 
of IgG, IgA and IgE. 

Agammaglobulinemia results in recurrent bacterial and 
opportunistic infections, leading to sclerosing cholangrtis, 
chronic hepatitis and liver and biliary tract tumors. 


Intravenous immunoglobulin 
therapy 


[101] 



CITOCHINE PROINFIAMMATORIE SECONDARIE: IL-6 



Indotta da IL-1 e TNF 

Prodotta principalmente da fagociti 

Direttamente secreta 

Recettore eterotrimerico 

• 1 catena IL-6R (specifica) 

• 2 catene gp130 (comune ad altre molecole) 



Monociti 
Epatociti 



Z1 L 



IL-6 



Zi 1 

- 

SIL-6R 









IL-6Ra 




gp130 


gp130 



JAK3 




Stat 





Table 1. Different names assigned to the IL-6 molecule 



IL-6 



B-cell stimulatory factor-2 
IFN-P2 

26-kDa protein 

Hybridoma/plasmacytoma growth factor 
HSF 




Classic signaling Transsignaling 



Fijj. 2 Classic and trans-signaling of IL-6. Trans-signaling of 
receptors for the IL-6 family of cytokines. The sIL-6R generateci 
by shedding or alternative splicing binds its ligand with 
coniparable aftìnity as the membrane expressed IL-6R. The IL- 
6/sIL-6R complex associates with gpl3() expressed on a celi with 
no IL-6R expression, induces dimerization and initiates signal- 
ing. Cells that only express gpl30 but no IL-6R are unable to 
respond to IL-6. Activation of such cells in the prese nce of sIL- 
6R is called trans-signaling since the sIL-6R generated by one 
celi type enables a second celi type to respond to the cytokine 
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Figure 1. IL-6 signaling pathways. Although many differentcell types produce IL-6, it is the monocyte or macrophage that is the main producer of IL-6 in vivo. Usually, IL-6 
production is governed through NF-kB regulation. In classical IL-6 signaling, IL-6 attaches to its cognate receptor (IL-6Ra) and the ensuing intracellular signaling cascade 
begins with gp1 30 activation, which leads to STAT3 activation. Only hepatocytes and some immune cells have IL-6Ra and thus respond to classical signaling. In IL-6 trans- 
signaling, the free cytokine binds to soluble IL-6Ra and then activates the same signaling cascade by binding to gp130. Most cells have gp130 and are thus capable of 
receiving the IL-6 signal in this way. 



Generation 
the slL-6R 



IL-6 

gp130^J^gp130 



Signal 

Classical Signaling 




I 

rN 



Signal 



Trans-Signaling 



sgp13jTX^ 

K 

No Signal 



Inhibition of 
Trans-Signaling 
by a molar excess 
sgp130 



The IL-6R complex, trans- 
signaling, and the inhibitory 
mechanism of soluble gp130 
(sgp130). (A) The two modes 
of IL-6 activation are 
presented as classical IL-6 
activation via the membrane- 
bound IL-6R and slL-6R- 
mediated celi signaling (IL-6 
trans-signaling). In both 
cases, responses are elicited 
through engagement with 
membrane-bound gp130. (B) 
Classical IL-6 signaling is 
unaffected by sgp130 yet 
preferentially binds the IL-6/ 
slL-6R complex to antagonize 
IL-6 trans-signaling. 




Selective Inhibition of Trans-Signaling by sgp130 
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□ Cytokine-receptor 
homology domain 

Kastelein RA. et al. 2007. 
Annu. Rev. Immunol. 25:221-42 



□ Fibronectin-like 
domain 



Immunoglobulin-like 
domain 



TABLE 32-4. Sources and roles of interleukin-6 during inflammation 



Celi sources 



Stimuli 



Factors suppressing IL-6 
expression 



Biologie roles 
Immune response 

Acute-phase response 
Hematopoiesis 

Nervous system 



Monocytes, macrophages, amnion, astrocytes, B cells, bone marrow stromal cells, 
chondrocytes, endothelial cells, eosinophils, epithelial cells, fibroblasts, glial cells, 
hepatoma cells, keratinocytes, Kupffer cells, mast cells, mesangial cells, neutrophils, 
osteoblasts, osteoclasts, smooth muscle cells, synoviovytes, T cells 

IL-1, TNF, bacterial endotoxin (LPS), calcium ionophore A23187, cAMP, diacylglycerols, 
GM-CSF, IFN, leukotrienes, platelet-activating factor, platelet-derived growth factor, 
reactive oxygen metabolites, TGF-p, viruses 

Glucocorticoids 
Retinole acid 

Cytokines (IL-4, IL-10, IL-13) 
Nitric oxide 
Prostaglandin E 2 

B-cell maturation/differentiation 

T-cell/thymocyte activation 

Stimi ilates arntft-phase protein .gynthAsis 

Hemopoietic stem celi growth 

Granulocyte-macrophage colony-stimulating factor induction 
Induces fever through PGE 2 -dependent mechanism 
Alters release of pituitary hormone (corticotropin) 



GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; LPS, 
lipopolysaccharide; PGE 2 , prostaglandin E 2 ;TGF, transforming growth factor; TNF, tumor necrosis factor. 



LE PROTEINE DI F 



Concentrazione: aumento del 50% 

• ceruloplasmina 

• proteine complementari (Clq,C3 e C4) 

• fibronectina 

• componente P sierica dell' amiloide (SAP) 

Concentrazione: aumento di 2-4 volte 

• glicoproteina al acida 

• al antitripsina 

• al antichimotripsina 

• fibrinogeno 

• aptoglobina 

• proteina legante il mannosio (MBP) 

• proteina legante il C4 (C4BP) 

Concentrazione: aumento di centinaia di volte 

• proteina C reattiva (CRP) 

• siero amiloide A (SAA) 

Concentrazione: diminuzione 

• albumina 

• transferrina 

• apo AI 

• apo AH 

• alfafetoproteina 

• glicoproteina a2 HS 



ACUTA 



Cosa sono? 

Cambiamento delle concentrazioni 
di alcune proteine sieriche 
(stt di derivazione epatica) 

Da cosa sono determinate? 

Attivazione di uno specifico 
programma trascrizionale epatico 
(soprattutto ad opera di IL-6) 

A cosa servono? 

• ricostituire i pool sierici 

• ridurre biodisponibilità per agenti 
infettivi di oligoalimenti 

• potenziare risposte anti-infettive 



Bacteria induce macrophages to produce 
IL-6, which acts on hepatocytes to induce 
synthesis of acute-phase proteins 



IL-6 




mannose- 
bindinglectin 

fibrinogen 

C-reactive 
serum " . 

amyloidprotein P rotem 

D l 



C-reactive protein binds phosphocholine 

on bacterial surfaces, acting as an 
opsonin, and also activating complement 



Mannose-binding lectin binds mannose 
residues on bacterial surfaces, acting as an 
opsonin, and also activating complement 



Serum amyloid protein 
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Figure 3 APR by IL-6 
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FIGURE 15-14 



Comparison of the strutture and function of C/EBP 
and NF-IL6. (a) Both transcription factors are dimeric proteins con- 
taining a leucine-zipper domain (light orange) and a basic DNA- 
binding domain (blue), (b) C/EBP is expressed constitutively in liver 
hepatocytes and prornotes transcription of albumin and transthyretin 
genes. During an inflammatory response, binding of IL-1 , IL-6 r TNF-a r 
LIF, or OSM to receptors on liver hepatocytes induces production of 
NF-IL6 r which prornotes transcription of the genes encoding various 
acute-phase proteins. Concurrently, C/EBP levels decrease and the lev- 
els of albumin and transthyretin consequently decrease. 
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Fig. 2. Diagram illustrating the functions of IL-6 in chronic inflammation and 
inflammation-associated cancer. IL-6 exerts pleiotropic functions on various cells 
that control inflammatory diseases such as allergie asthma, rheumatoid arthritis, 
multiple sclerosis and inflammatory bowel diseases. In particular, IL-6 induces 
acute phase responses in the li ver, modulates macrophage differentiation, induces 
epithelial celi proliferation and tumor growth, activates adhesion moiecuies on 
endothelial cells and induces osteoclast activation. Furthermore, IL-6 is a key 
regulator and activator of effector T cells (Teff) and suppresses regulatory T celi 
(Treg) responses. Finally, it drives differentiation of B lymphocytes. 
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Figure 1. Diverse mechanisms by which interleukin (IL)-6 can contribute to pathogenesis of chronic inflammatory diseases. IL-6 regulates many pathways that could 
contribute to its effect on inflammatory disease progression. During CD4 T celi differentiation, IL-6 promotes IL-17 and IL-21 production, and suppresses regulatory T (Treg) 
celi function. IL-6 also promotes neutrophil and macrophage recruitment and survival both directly and indirectly through induction of IL-17 production. IL-6 also acts on 
nonimmune cells, and induces the acute phase response in the liver and alters the function of fibroblasts and osteoclasts. The downstream effect of IL-6 is deposition of 
matrix, antibody complexes and proteases in the targeted tissue and, consequently, tissue destruction. Abbreviation: TANKL, receptor of nuclear factor kappa-B ligand. 



IL-6 




Figure 6 Effect of IL- 6 on iron metabolism 




Figure 7 Effect of IL-6 on lipid metabolism 

VLDL-R, VLDL receptor. 




Figure 5 Effect of IL-6 on bone metabolism in RA synovium 



naive T cells 




Immunosuppression 



Defence against 
extracellular bacteria. 
Increased incidence of 
autoimmunity and cancer 

Fig. 6. T h 17 and Treg differentiation. IL-6, together with TGF-p, 
induces T h 17 celi differentiation from naive T cells. In contrast, IL-6 
inhibits regulatory T-cell (Treg celi) differentiation induced by TGF-p. 
Retinoic acid receptor y (RORy) and RORot are transcription factors 
typically expressed in T h 17 cells; forkhead box p3 (Foxp3) is typically 
expressed in Treg cells. 
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Figure 2. IL-6 in T-cell differentiation. Different cytokines guide naìve T cells into 
their various effector subsets. The newest T-cell subset, the Th17 cells, requires 
TGF-p as well as IL-6. Without IL-6 (and with TGF-0), naìve T cells differentiate into 
Treg cells, which act as suppressors of the T-cell response. Th17 cells, by contrast, 
are thought to contribute to the autoimmune inflammatory response, which 
underlies many autoimmune diseases. Thus, IL-6 isatthe crossroads of increasing 
or decreasing the autoimmune response. 



EFFETTI RIDONDANTI E PLEIOTROPICI DI TNFcc, IL-1 E IL-6 
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Immunologi cai 
dlsorders 

• Hyper-y-globulinemia 

• Induction of 
autoantibodies 

• Induction of Th 17 cells 

• Activation of 
autor eacti ve T cells 

• Expression of 
adhesion molecules 



Proliferati ve diseases 

• Growth factor for both normal and 
malignant cells 

• Antiapoptotic factor for some 
malignant cells 

• Induction of VEGF 




Acute and chronic 
inflammatìon 

• Increase in acute 
phase proteins 

• Hypoalbuminemia 

• Anrryloidosis 

• Induction of VEGF 



Hematological 
disorders 

• Leukocytosis 

• Anemia 

• Thrombocytosis 



r Bone and cartilage 
destruction 

• Activation of 
osteoclasts 

• Induction of MMPs 

V 




Figure 1 Pathological roles of IL-6 in the candidate intlammatory diseases for IL-6 targeting therapyTM 7 cells:T helper (Th) cells that produce IL-1 7, IL-1 7F, IL-6, 
and tumor necrosis factor but not \\A or interferon-y. IL, interleukin; MMPs, matrix metalloproteinases; VEGF, vascular endothelial growth factor. 
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Anti-IL-6 

Anti-IL-6R (MRA) 



IL-6 
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Applications (positive clinical trial data) 

Rheumatoid arthritis 
Juvenile rheumatoid arthritis 
CastlemarVs disease 
CrohrTs disease 



Blocks effector T-cell functions 
Regulates leukocyte recruitment 
Governs leukocyte apoptosis 
Modulates inflammatory chemokines 



Some evidence of dual regulation of T-cell 
responses by IL-6 and IL-6 trans-signaling 



Therapeutic strategies for 
targeting IL-6 signaling. 
Current therapeutic 
regimes designed to 
clinically suppress IL-6 
activities involve the 
application of blocking 
monoclonal antibodies 
(mAb). In particular, 
Atlizumab/Tocilizumab 
(MRA) has proven in 
clinical trials to be 
effective against a range 
of conditions. Such 
approaches, however, do 
not delineate between 
classical IL-6 signaling 
via its cognate receptor 
and IL-6 trans-signaling. 
This regime, therefore, 
offers a global blockade 
of IL-6 bioactivity. The 
naturai antagonist 
sgp130 selectively 
targets IL-6 trans- 
signaling and in essence, 
should leave classical 
IL-6 signaling intact. This 
approach influences a 
variety of immunological 
processes and through 
recent studies, suggests 
that not ali IL-6-mediated 
events are disturbed by 
its action. PM, plasma 
membrane. 



Table I Possible disease targets for IL-6 blockade by TCZ 

TCZ is an anti-IL-6 antibody produced by Chugai/Roche. 



Disease 



Systemic autoimmune disease 



Organ-specific autoimmune disease 



Chronic inflammatory disease 



Cancer 



Candidate disease target 

Systemic lupus erythematosus 
Systemic sclerosis 

Giant celi arteritis and Takayasu arteritis 

Polymyositis 

Crohns disease 

Relapsing polychondritis 

Acquired haemophilia A 

Adult-onset Still's disease 

Reactive AA amyloidosis 

Polymyalgia rheumatica 

Remitting seronegative symmetrical 

synovitis with pitting oedema 
Spondyloarthritides 
Behcet's disease 

GVHD (graft-versus-host disease) 
MM 



Table 2 

gpl30 receptor and 1L-6 subfamily. 



Cytokinc 


Antagonist 


Specifici ty 


1L-6 


mAb 


Human-mouse chimeric antibody, containing the antigen-binding variable region of the murine antibody, CLB-1L-6-8, and the 






Constant region of a human lgGlkappa immunoglobulin 




Tocilizumab 


Humanized monoclonal antibody against interleukin-6 receptor( IL-6R) 




siRNA 


Svnthetic short interferintf RNA ( siRNAÌ senuences for each of II -1K II -6 and II -18 cvtokines 
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IL-11 


sIL-HRand 


Murine IL-1 1 site HI mutant, disrupts multimene gpl 30/IL-l 1 R signalling complex formation 




W147A 




OSM 


Anti-OSM 

A li 1 L J \S iJl VI 


Neutralizinsi antibodv used in the collasien induced arthritis fClAÌ model of arthritis to investigate the role of OSM in arthritis 
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antihodv 


nat holosiv 


CNTF 


CNTF-R 


Created bv amino acid substitution and was found to snecificallv inhibit CNTF interaction with L1F-R whilst binding to CNTF-R 
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or gpl 30 remains intact 


LIF 


LBP 


LIF binding protein, has been shown to attenuate the effeets of recombinant human LIF (rhLIF) in goat radiocarpal joints in vivo 




LIF05 


Mutations created in human LIF gene which reduced the affinity for gpl 30 whilst retaining affinity for LIF-R 




LIF05-FC 


As above but with the Fc portion of human IgGl to prolong its serum half-life 




MH35BD 


Mutant form of human LIF that binds L1FR with high affinity but with reduced gpl30 binding 




MH35-BD-FC 


Fusion of MH35-BD with Fc portion of human IgGl with increase in serum half-life 




MH35-BD-PEG 


Fusion of MH35-BD with Polyethylene glycol (PEG) with increase in serum half-life 
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Figure 1. Presumed Pathogenetic Pathways Involved in Rheumatoid Arthritis 



Table 1 

Biological therapeutics that target cytokines in RA 



Target 


Name of therapeutic 


Product description 


Sponsor 


Stage of development 


TNF-cx 


Infliximab (Remicade) 


Chimeric mAb specific for TNF-a 


Centocor 


Licensed 




Etanercept (Enbrel) 


Soluble p75 TNFR-human lgG1 Fc fusion protein 


Amgen 


Licensed 




Adalimumab (Humira) 


Humanized mAb specific for TNF-a 


Abbot 


Licensed 


IL-1R 


Anakinra (Kineret) 


IL-1ra 


Amgen 


Licensed 


IL-1p 


AMG 108 


Humanized mAb specific for IL-1p 


Amgen 


Phase II clinical trials A 


IL-6R 


Tocilizumab (Actemra) 


Humanized mAb specific for IL-6R 


Roche and Chugai 


Phase III clinical trials A 


IL-15 


HuMax IL-15 (AMG 714) 


Humanized mAb specific for IL-15 


Genmab and Amgen 


Phase II clinical trials A 


LTa1p2 and LIGHT 


Baminercept (BG9924) 


Extracellular domain of LT-p receptor- 


Biogen Idee 


Phase II clinical trials A 






human IgGIFc fusion protein 






BLyS 


Belimumab (LymphoStat-B) 


Humanized mAb specific for BLyS 


Human Genome Sciences 


Phase II clinical trials A 








and GlaxoSmithKline 




BLyS and APRIL 


Atacicept 


Extracellular portion of TACI-human 


EMD Serono and 


Phase II clinical trials A 






IgGIFc fusion protein 


ZymoGenetics 




RANKL 


Denosumab (AMG162) 


Humanized mAb specific for RANKL 


Amgen 


Phase II clinical trials A 



lgG1 Fc, Fc portion of lgG1 ; IL-6R, a-chain of the receptor for IL-6; LIGHT, ligand for herpesvirus entry mediator; LT-pR, LT-p receptor; TNFR, TNF-a 
receptor. A Further information about ongoing clinical trials can be found at http://clinicaltrials.gov. 




LE CHEMOCHINE 

Sono attivatori di motilità 
cellulare direzionale 
(chemiotassi) 

•Sono i più potenti attivatori 
integrinici 

•Sono, assieme alle varie 
molecole di adesione, i 
determinanti del tipo 
cellulare da reclutare nel sito 
infiammatorio 
Le chemochine: mw 6-12 kDa, 70-130 aa 




Chemokine 


Originai name 


Chemokine receptor 


Major fu nction 


CC chemokines 






f~f~\ 1 


I-309 


CCR8 


■ 

Monocyte recruitment and endothelial celi migration 


CCL2 


MCP-1 


CCR2 


Mixed leukocyte recruitment 


CCL3 


MIP-1a 


CCR1,CCR5 


Mixed leukocyte recruitment 


CCL4 


MlP-lb 


CCR5 


T celi, dendritic celi, monocyte, and NK recruitment; 
HIV coreceptor 


CCL5 


RANTES 


CCR1,CCR3, CCR5 


Mixed leukocyte recruitment 


CCL7 


MCP-3 


CCR1,CCR2, CCR3 


Mixed leukocyte recruitment 


CCL8 


MCP-2 


CCR3, CCR5 


Mixed leukocyte recruitment 


CCL9/CCL10 




CCR1 


? 


CCL11 


Eotaxin 


CCR3 


Eosinophil, basophil, and T H 2 recruitment 


CCL12 


Unknown 


CCR2 


Mixed leukocyte recruitment 


CCL13 


MCP-4 


CCR2, CCR3 


Mixed leukocyte recruitment 


CCL14 


HHC-1 


CCR1,CCR5 


? 


CCL15 


MIP-1d 


CCR1,CCR3 


Mixed leukocyte recruitment 


CCL16 


HHC-4 


CCR1,CCR2 


? 


CCL17 


TARC 


CCR4 


Tcell and basophil recruitment 


CCL18 


DC-CK1 


? 


Lymphocyte and dendritic celi homing 


CCL19 


MIP-3b/ELC 


CCR7 


T celi and dendritic celi migration into parafollicular 
zones of lymph nodes 


CCL20 


MIP-3a 


CCR6 


? 


CCL21 


SLC 


CCR7 


T celi and dendritic celi migration into parafollicular 
zones of lymph nodes 


CCL22 


MDC 


CCR4 


Tcell and basophil recruitment 


CCL23 


MPIF-1 


CCR1 


7 


CCL24 


Eotaxin-2 


CCR3 


Eosinophil, basophil, and Th2 recruitment 


CCL25 


TECK 


CCR9 


Astrocyte migration 


CCL26 


Eotaxin-3 


CCR3 


Eosinophil, basophil, and Th2 recruitment 


CCL27 


CTACK 


CCR10 


Dermal celi migration 


CCL28 


MEC 


CCR10 


Dermal celi migration 


CXC chemokines 


CXCL1 


GROa 


CXCR2 


Neutrophil recruitment 


CXCL2 


GROb 


CXCR2 


Neutrophil recruitment 


CXCL3 


GROg 


CXCR2 


Neutrophil recruitment 


CXCL4 


PF4 


CXCR3B 


Platelet aggregation 


CXCL5 


ENA-78 


CXCR2 


Neutrophil recruitment 


CXCL6 


GCP-2 


CXCR1,CXCR2 


Neutrophil recruitment 


CXCL7 


NAP-2 


CXCR2 


Neutrophil recruitment 


CXCL8 


IL-8 


CXCR1,CXCR2 


Neutrophil recruitment 


CXCL9 


Mig 


CXCR3 


Effector Tcell recruitment 


CXCL10 


IP-10 


CXCR3, CXCR3B 


Effector Tcell recruitment 


CXCL1 1 


l-TAC 


CXCR3 


Effector Tcell recruitment 


CXCL12 


SDF-1a/b 


CXCR4 


Mixed leukocyte recruitment; HIV coreceptor 


CXCL13 


BCA-1 


CXCR5 


B celi migration into follicles 


CXCL14 


BRAK 




? 


CXCL16 




CXCR6 


? 


C chemokines 


XCL1 


Lymphotactin 


XCR1 


T celi and NK celi recruitment 


XCL2 


SCM-1b 


XCL1 


? 


CX3C chemokines 


CX3CLI 

I I 


Fractalkine 


CX3CRI 


T celi, NK celi, and macrophage recruitment; 
CTL and NK celi activation 



La cascata delle citochine infiammatorie. 



Citochine 
primarie 

Mediatori 
secondari 



IL-6 



Liver 



Proteine di 
fase acuta 



Amplificazione 
dell' immunità innata a 
livello sistemico 



TGFp 



HPAA 



Glucocortìcoidì 



.e 



e 



IL-IO 



© 



INF / IL-1 



© 



Chemochine 



© 



CSFs 



Lipids 



3 



Reclutamento e 
sopravvivenza dei leucociti 



©, 



Infiammazione e 
amplificazione 
dell'immunità innata 



IL- 12 



© N 



IFN7 



Immunità specifica 



IL-4/IL-13 



